ABSTRACT: A steady supersonic flow of a rarefied gas past a flat plate at an angle of attack is analyzed numerically on the basis of the $\mathrm{B}\mathrm{o}\mathrm{l}\mathrm{t}_{\mathrm{Z}}\mathrm{m}\mathrm{a}\mathrm{n}\mathrm{n}-\mathrm{K}\Gamma \mathrm{O}\mathrm{o}\mathrm{k}-\mathrm{w}_{\mathrm{e}}1\mathrm{a}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{r}$ equation (the so-called BGK model) with the diffuse reflection boundary condition. An accurate finitedifference method giving the correct description of the discontinuity of the velocity distribution function, which was developed in the authors' recent study for the case of a flat plate at zero angle of attack, is employed. The behavior of the velocity distribution function as well as that of the macroscopic quantities is clarified, and the overall quantities such as the drag and lift on the plate are obtained accurately.
INTRODUCTION
A steady supersonic rarefied gas flow past a flat plate is one of the basic problems' in rarefied gas dynamics, to which a great deal of literature has been devoted so far (see, e.g., Refs. $ [1] - [7] $ and their references). In our recent paper, [7] we illvestigated the case in which the plate is parallel to the un orm flow (i.e., at zero angle of attack), aiming to establish the precise description of the flow field around the plate on the level of the velocity distribution function of the gas molecules. Using the $\mathrm{B}\mathrm{o}\mathrm{l}\mathrm{t}\mathrm{z}\mathrm{m}\mathrm{a}\mathrm{n}\mathrm{n}-\mathrm{K}\mathrm{r}\mathrm{o}\mathrm{o}\mathrm{k}$ -Welander (BKW) equation $($ or the so-called BGK $\mathrm{m}\mathrm{o}\mathrm{d}\mathrm{e}1)^{[},89$ ] we developed, on the basis of the method in Ref. [10] , an accurate finite-difference scheme that gives the correct description of the discontinuity inherent in the velocity distribution function in the gas. Then, by a careful numeriCa.l analysis, we clarified the features of the gas flow, in particular, those around the leading and trailing edges, for a wide range of the Knudsen number. In the present study, we extend the analysis to the case where the plate has an angle of attack and obtain the accurate behavior of the macroscopic quantities as well as that of the velocity distribution function around the plate.
PROBLEM AND BASIC EQUATION
Let us consider a uniform supersonic flow of a rarefied gas (with density $\rho_{\infty}$ , tempera-ture $\tau_{\infty}$ , and flow speed $U_{\infty}$ ) past a flat plate (with chord length $L$ and temperature $T_{\omega}$ ; with infinitely long span and without thickness) at angle of atta( $\backslash \mathrm{k}\alpha$ . Let us assunle that the plate is placed at the $\mathrm{p}\mathrm{o}\mathrm{S}\mathrm{i}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}-L/2<X_{1}<L/2,$ $A\mathrm{Y}_{2}=0$ , where $AY_{i}$ is the Cartesian coordinate system, and that the uniform flow is perpendicular to the $\mathrm{s}\mathrm{p}\mathrm{a}11\mathrm{W}\mathrm{i}_{\mathrm{S}}\mathrm{e}$ direction of the plate [i.e., the velocity of the uniform flow is $(U\infty^{\cos\alpha}' U\infty\sin\alpha,$ $\mathrm{o})$ ]. We investigate the steady behavior of the gas on the basis of kinetic theory under the asunlptions that the behavior of the gas is described by the BKW equation and that the interaction of the gas molecules with the plate is described by the diffuse-reflection $\mathrm{b}_{\mathrm{o}\mathrm{U}1}1\mathrm{d}\mathrm{a}\mathrm{r}\mathrm{y}$ condition.
The BKW equation in the present spatially two-dimensional case is written
where $\xi_{i}$ is the molecular velocity; $d\xi=d\xi_{1}d\xi 2d\xi 3;f$ is the velocity distribution function of the gas molecules; $\rho$ is the density, $v_{i}$ is the flow velocity $(v_{3}=0),$ alld $T$ is the temperature of the gas; $R$ is the specific gas constant; and $A_{c}$ is a constant ( $A_{c}\rho$ is the collision frequency of the gas molecules). The boundary condition on the plate $\mathrm{i}_{\mathrm{S}^{ [8,\mathrm{g}}}.$ ] As pointed out in Refs.
[10] and [11] , the velocity distribution function of the gas molecules is, in general, discontinuous in the gas around a COllVeX boundaiy (see also Ref. [12] ). In the case of a flat plate, the convex nature of the boundary is concentrated at the leading and trailing edges. As a consequence, at a point in the gas, the discolltinuity (of the velocity $\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}\mathrm{r}\mathrm{i}\mathrm{b}\mathrm{u}\mathrm{t}\mathrm{i}_{\mathrm{o}\mathrm{n}\mathrm{f}}\mathrm{u}\mathrm{n}\mathrm{C}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$ ) appears for the molecular velocities in the two directions: one is from the leading edge to the point under consideration, and the other is from the trailing edge to $\mathrm{i}\mathrm{t}^{ [7] }$ . The discontinuity decays with the distance from the edges owing to molecular collisions. Thus, it is appreciable at the points whose distance from the leading or trailing edge is less than a few mean free paths. Such behavior of the discontinuity is described precisely by the method mentioned above, in which a lnethod of characteristics is incorporated in a standard finitedifference scheme. The reader is referred to Ref. [7] for the details.
RESULTS
Some of the results of the numerical analysis are presented in this section. Here we restrict ourselves to the case of $T_{w}/\tau_{\infty}=1$ and $l\downarrow/I_{\infty},$ $=3$ .
In Fig. 1 , we show the streamlines of the flow and the isolines of the density, the temperature, and the local Mach number $M=(v_{1}^{2}+v_{2}^{2})^{1/2}(5R\tau/3)^{-1'2}/$ around the plate for $\alpha=30_{-}^{-}$ ' and $Kn=0.05$ and 0.5. In Fig. 1 originating from the leading edge, develops below the plate. A weak compression layer is also formed upward from the leading edge, but it decays rapidly with the distance from the edge. There is a significant density variation in the gas, $\mathrm{i}.\mathrm{e}_{0}.$ . the density increases to 
